Since we published our last analysis of a US carbon-free tracking portfolio in 2015, the fossil fuel divestment movement has continued to develop across the globe. This version includes updated data and also new analysis of markets outside the United States, including Australia, Canada, and global markets. Within the US, the divestment campaign remains active among campuses, foundations, endowment board rooms, and family offices. More than 100 foundations and family funds have signed a pledge to divest in as part of "Divest-Invest Philanthropy," 1 while many more foundations are considering their options. These include doing nothing, divesting from just the coal industry, avoiding entire fossil fuel industries, or becoming active shareholders to influence corporate behavior (especially around disclosure).
When the idea of fossil fuel screening is raised, the first thing an endowment committee, foundation board, or private investor wants to know is whether screening will impose a penalty. While there is no definitive answer, the often-presumed assumption of a return penalty is not consistently borne out by research. In fact, results from a wide range of studies on social and environmental screening do not provide a consensus on whether there has been a return penalty or benefit from carbon screening.
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Looking forward, there are compelling scenarios investors can imagine that lead to outperformance of carbon industries and others that lead to underperformance. As an example of the former, large-scale divestments could lower demand for securities in carbon industries, artificially lowering prices. According to an article in the Journal of Financial Economics published in 2009, investors willing to own carbon industry securities could benefit. 3 In the other direction, government-imposed carbon emission controls could lead to stranded assets, permanently eroding profits of companies of carbon-centric companies. 4 The data does not really support either supposition in any clear way, although as humans we naturally cite the version of the future that best serves our goals and prejudices.
Lacking a consistent story about the future return impact of divesting in carbon, we shift the focus onto the impact of carbon screening on portfolio risk. Specifically, we look at the tracking error, or variability of the return difference between an index and a screened portfolio, to measure the impact of exclusion.
5 A lower tracking error means that the screened portfolio replicates the index returns more faithfully (i.e., there is less risk of deviating from the benchmark). Lower deviation implies that the return of the tracking portfolio is unlikely to vary dramatically (positively or negatively) from the return to the index. 6 We examine the magnitude of this deviation later in this paper.
Our study focuses on hypothetical equity portfolios obtained by excluding carbon industries from standard market indices in Australia, Canada, and the US, as well as a global index. In each market, we exclude from the universe the Oil, Gas and Consumable Fuels industry 7 from the broadest available index ("Tracking Portfolios").
8 Then hypothetical portfolios are created using an optimizer to track that respective index as tightly as possible, subject to those industry exclusions, and, of course, the accuracy of the model.
The indices used to create hypothetical carbon-free Tracking Portfolios in each market are shown in Table 1 . Table 2 shows the tracking errors for the hypothetical carbon-free Tracking Portfolios against their respective indices in the four markets over back-tested periods ranging from 11 to 25 years. 9 The Tracking Portfolios were rebalanced quarterly. 10 In the Australian, US, and global markets, the tracking errors were less than 100 basis points. The larger tracking error of 2.91% in Canada reflects the substantial exposure to Oil, Gas and Consumable Fuels in that country's stock market. That exposure averaged 20.60% over the 13-year study period. By comparison, the average exposures in the Australian, US, and global markets were 5.10%, 6.80%, and 8.00% over their respective study periods. To put the tracking errors of the carbon-free portfolios into perspective, consider the active risk of 5% taken by the typical institutional investor. 11 That dwarfs the tracking errors of the carbonfree portfolios, even in Canada.
Tracking Error on Hypothetical Portfolios

Building the Tracking Portfolios
It may come as a surprise that the returns to a carbon-free portfolio can closely mimic the returns to a broad market index. The explanation lies in the two-step process used to build a carbon-free Tracking Portfolio. In the initial step, Oil, Gas and Consumable Fuels industry stocks are excluded from the index. In the second step, the remaining stocks are re-weighted so that the portfolio can track the index as closely as possible.
The re-weighting process takes into account the fundamental risk characteristics of the excluded assets, such as their size, valuation ratios, leverage, and liquidity.
12 A quantitative optimization is used to match the risk characteristics of the Tracking Portfolio as closely as possible to the risk characteristics of the index.
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Summary statistics for the four market indices and their Tracking Portfolios are shown in Table  3 . Note that the annualized returns are higher for the carbon-free Tracking Portfolios than for the indices. The difference is 0.85% in Canada, although it is much smaller in the other markets. Turning from return to risk, the realized total volatility (annualized standard deviation) of the Tracking Portfolios is in line with the broad market indices. The hypothetical returns for Tracking Portfolios should in no way be construed to imply that divestment leads to better performance. They show only that over the time periods analyzed, this version of divestment just happened to play out that way. While doomsayers claiming a return penalty to divestment may resent the fact that there was no such penalty over the period, advocates of divestment may want to avoid promising any grand return benefit in the future based on the stranded-asset hypothesis that supposes carbon assets to be overvalued. An inability to predict returns leaves investors with managing risk, something we can all control to a much greater extent.
Active Sector Weights
As funds normally allocated to carbon industries need to be re-allocated in the carbon-free Tracking Portfolios, it is inevitable that some sectors become overweighted. Table 4 shows the active weights of the carbon-free Tracking Portfolios relative to their indices. On average over the study periods, the carbon-free Tracking Portfolios were overweight in the Utility sector by 1.26% in Australia, 3.67% in Canada, 3.08% in the US, and 2.75% in the global market. In other words, the investment shifted from carbon-heavy energy producers to energy consumers. For some investors concerned with climate change, this transfer may not be acceptable from a values perspective. The effect can be mitigated or eliminated by constraining utility stocks too, but the likely result would be an increase in tracking error. 
Long-Run Performance
Here we revisit the issue of the return benefit or penalty that we raised in the introduction. Specifically, we ask: How different are the carbon-free Tracking Portfolios from their indices over 10-year horizons? Figure 1 shows 10-year return 14 differences between the US carbon-free Tracking Portfolio and its benchmark. The blue bars above the 0.00% line indicate that the Tracking Portfolio earned a higher average annual return over the trailing 10-year period, while those below the line indicate the periods for which the portfolio performed worse than the benchmark. The return differences were positive until late 2006 and have been mostly negative since then. Note, however, that the magnitudes of the differences are small throughout the study period.
In the Australian, Canadian, and global equity markets, the return differences were uniformly positive over every 10-year horizon in the study periods. The return differences were less than 0.50% in the Australian, US, and global markets, which have relatively low exposure to carbon securities. Even in Canada, which has high carbon exposure, the return differences were close to 1.00% at their highest and often smaller. Average return differences are shown in 
Summary
In deciding whether to divest assets in carbon industries, investors face compelling arguments on both sides. From the advocates of divestment, investors hear about the serious environmental damage already incurred and the benefit from taking a public stance on a critical ethical issue. Others, who are concerned about stranded assets, may divest for strictly economic reasons, but either motivation introduces the same tracking error. From the skeptics, investors may hear that screening will adversely affect risk and return and that the goal of any endowment should be to focus exclusively on financial goals. The data do not support the skeptics' view that screening negatively affects an index-tracking portfolio's return. In fact, they show that the impact on risk may be far less significant than presumed.
Carbon-free investments with low tracking error could have been implemented by shifting the allocation from the Oil, Gas and Consumable Fuels industry to Utilities and Materials. It is beyond the scope of this paper to judge whether investors should implement or avoid screening, but anyone facing that decision should be aware that historically it has been possible to closely track broadly diversified indices with carbon-free portfolios.
Appendix I: Definitions
Alpha: A measure of a manager's contribution to performance due to security selection or market timing relative to the index.
Beta: A measure of a portfolio's sensitivity to changes in a benchmark.
Estimated tracking error:
A measure of how closely a portfolio is expected to track its benchmark. More formally, it is defined as the standard deviation of the expected difference between the annual returns of a portfolio and its target benchmark.
In other words, the annual return of a portfolio with a tracking error of 0.93% is expected to be within 0.93% of the benchmark return much of the time and within 1.86% of the benchmark return most of the time.
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Sharpe Ratio: The average portfolio return in excess of the risk-free rate divided by the volatility of portfolio excess return. The Sharpe ratio is a type of information ratio in which the benchmark is the risk-free rate.
Standard Deviation: A statistical measure that is used to quantify the level of dispersion in a variable data set, such as portfolio return.
Tracking Error: A measure of how closely a portfolio tracks its benchmark. In technical language, tracking error is the standard deviation of the return difference between a portfolio and a benchmark. 6 In practice, a portfolio with a tracking error below 100 basis points is often defined as "indexed." 7 For the US simulations, the following Barra industry definitions were used: Energy Reserves and Oil Refining. 8 There are numerous ways to divest from fossil fuels. An investor can focus on excluding either 1) the companies or industries that contribute to the supply of fossil fuels, such as oil and coal companies, or 2) industries that are significant contributors to the demand for fossil fuels, such as coal-powered utilities.
Organizations like Carbon Tracker have analyzed fossil fuel use and created a list of the 200 worst offenders. In our experience, the decision on what to divest reflects an organization's or individual's views. Aperio Group has implemented a wide range of divestment screens but for the purposes of this paper, we kept it simple and most easily replicable by using an exclusion that contributes most heavily to the supply. This is by no means a recommendation that that is the right screen for everyone (or anyone), but rather a reasonably representative example. 9 In each market, we began at the earliest possible start date given data available for the model 10 MSCI ACWI Index is rebalanced and the large-and mid-capitalization cutoff points are recalculated during the May and November semi-annual index reviews; the Russell 3000 Index is rebalanced on an annual basis-in 2014, the newly reconstituted index took effect after market close on Friday, June 27; the S&P/TSX 200 Index constituents are rebalanced quarterly with changes taking effect on the third Friday of March, June, September, and December; the S&P/TSX Composite Index is rebalanced quarterly. 11 Based on a survey by Callan Associates, Inc., Mercer Investment Consulting, and Watson Wyatt Worldwide. For details see GMO, 2007, White Paper, "What Should You Pay For Alpha?" 12 Asset characteristics are based on the Barra US Equity Models (USE3) and the Barra Global Equity Model (GEM2) multi-factor models. 13 For the portfolios constructed in this article, the optimization relies on Barra Aegis multi-factor models. The process of using an optimizer in combination with a multi-factor model to manage risk in screened portfolios has been validated in a number of articles in academic finance journals that explain this math in greater detail, e. 15 If the distribution were normal, the annual return of a portfolio with a tracking error of 0.93% would, on average, be within 0.93% of the benchmark return in roughly 2 out of 3 years, and within 1.86% of the benchmark return in roughly 19 out of 20 years.
Disclosure
The information contained within this report was carefully compiled from sources Aperio believes to be reliable, but we cannot guarantee accuracy. We provide this information with the understanding that we are not engaged in rendering legal, accounting, or tax services. In particular, none of the examples should be considered advice tailored to the needs of any specific investor. We recommend that all investors seek out the services of competent professionals in any of the aforementioned areas.
With respect to the description of any investment strategies, simulations, or investment recommendations, we cannot provide any assurances that they will perform as expected and as described in our materials. Past performance is not indicative of future results. Every investment program has the potential for loss as well as gain.
The simulated portfolios are actively managed, and the structure of the actual portfolios and composites may be at variance to the benchmark index. Simulated portfolios reflect reinvestment of dividends but do not reflect fees, brokerage commissions, or other expenses of investing, which can reduce actual returns earned by investors (simulated portfolios in Appendix II are net of management fees and transaction costs). Indexes are not available for direct investment.
The performance figures reflected in the tables and charts in this report are hypothetical, shown for illustrative purposes only, and not based on actual investments. Furthermore, except for figures given in Appendix II, they do not reflect the deduction of any management fees or transaction costs, which would lower performance returns. Hypothetical performance has inherent limitations, and investors may experience investment results materially different from those portrayed.
Back-testing involves simulation of a quantitative investment model by applying all rules, thresholds, and strategies to a hypothetical portfolio during a specific market period and measuring the changes in value of the hypothetical portfolio based on the actual market prices of portfolio securities. Investors should be aware of the following: 1) back-tested performance does not represent actual trading in an account and should not be interpreted as such, 2) back-tested performance does not reflect the impact that material economic and market factors might have had on the manager's decision-making process if the manager were actually managing client's assets, and 3) there is no indication that the back-tested performance would have been achieved by a manager had the program been activated during the periods presented above. For back-tested performance comparisons, the benchmark returns are simulated using historical constituents' weights and total returns.
Assumptions underlying simulated back tests:
• Based on the Barra Aegis multi-factor risk model • Rebalanced quarterly • Excludes stocks from Oil Gas & Consumable Fuels industry as defined by MSCI Barra industry
The indexes used for back-tested simulation are listed in Table 1 and defined as follows:
The MSCI ACWI Index is an equity index that captures large-and mid-cap representation across developed and emerging countries around the world. The index covers approximately 85% of the free float-adjusted market capitalization in each country.
The Russell 3000 Index measures the performance of the largest 3,000 US companies representing approximately 98% of the investable US equity market. The Russell 3000 Index is constructed to provide a comprehensive, unbiased, and stable barometer of the broad market and is completely reconstituted annually to ensure that new and growing equities are reflected.
The S&P/ASX 200 index is a market-capitalization-weighted and float-adjusted stock market index of Australian stocks listed on the Australian Stock Exchange.
